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57 ABSTRACT

A process for the treatment of a hydrated mixture of a salt
which comprises an inorganic fluoride and hydrogen fluo-
ride to remove water from the mixture wherein the salt
mixture contains an excess of hydrogen fluoride, which
process comprises forming a liquid phase of the said mixture
by melting the salt therein and feeding an inert gas through
the liquid phase of the mixture.

13 Claims, 1 Drawing Sheet
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1
DEHYDRATION OF FLUORIDE MIXTURES

This 1s a Rule 62 File Wrapper Continuation of applica-
tion Ser. No. 08/629,331, filed 8 Apr. 1996, now abandoned,
which 1s a continuation of Ser. No. 08/395,657 filed Feb. 28,
1995 now abandoned which 1s a continuation of 08/182,945
filed Jan. 18, 1994, now abandoned.

The present invention relates to the dehydration of mix-
tures especlally hydrated mixtures of one or more salts
which comprise an inorganic fluoride and hydrogen fluoride.

BACKGROUND OF THE INVENTION

Mixtures of the type specified are employed as electro-
lytes 1 electrolytic cells for the production of fluorine.
During storage or during use as an electrolyte such mixtures
can become contaminated by water for various reasons. In
many cases 1t 15 necessary to dispose of the mixture. Such
disposal and the provision of replacement material can be
very costly.

A process for the dehydration of mixtures of the type
specified 1s therefore required and prior to the present
invention no suitable process been available for commercial
use. For example, 1n one known process the mixtures have
been dried by heating in a tray but this results 1n the loss of
valuable HF with the water. In another example the mixtures
have been dried under vacuum but the apparatus required 1s
relatively complex and not easy to scale up 1nto a commer-
cially viable arrangement.

SUMMARY OF THE INVENTION

According to the present invention n process for the
treatment of a hydrated mixture of a salt which comprises an
inorganic fluoride and hydrogen fluoride to remove water
from the mixture wherein the salt mixture contains an excess
of hydrogen fluoride, which process comprises forming a
liquid phase of the said mixture by melting the salt therein
and feeding an inert gas through the liquid phase of the
mixture.

The 1nert gas leaving the said liquid phase carries with it
water vapour removed from the said mixture and such
gas/water vapour mixture 1s desirably extracted through a
ogas outlet from the vessel containing the liquid phase. The
vessel may, apart from the gas inlet and outlet, (and option-
ally a port allowing a device to be inserted to measure the
temperature of the melt) be a vessel closed to the outside
atmosphere. The water vapour 1n the 1nert gas/water vapour
mixture may be monitored by a known means, eg a con-
ductivity monitor so that the point in time when all of the
water has been removed from the liquid phase may be
detected and if appropriate indicated. The gas supply may be
shut off at this point in time.

The said salt may comprise potassium fluoride or ammo-
nium fluoride or a mixture of fluorides containing one of
these. The said mixture may comprise an electrolyte system
comprising KF.xHF where x 1s approximately 2, eg in the
range 1.8 to 2.2. This melts at a temperature of about 70° C.
This 1s the mixture which 1s formed by the addition of HF
to KFEHF.

The melt is desirably maintained at a temperature =70°
C., eg a temperature in the range 80° C. to 100° C.

The said gas may be nitrogen or compressed air or argon
or any gas which 1s inert with respect to the system.

The process according to the present invention provides A
convenient and commercially applicable process for remov-
ing water from electrolytes comprising the said salt/HF
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mixture, such water resulting from degradation by atmo-
spheric moisture contamination. However, use of the pro-
cess according to the invention 1s not limited to treatment of
clectrolyte materials and may alternatively be applied as
follows.

In a particular form of the present invention the said
mixture may be obtained by adding together an aqueous
solution of hydrogen fluoride and a dry mixed salt system of
formula MF, HF where M represents a cation and n 1s the
valency of M. For mnstance MF, .HF may be KFE.HF. The said
aqueous solution or hydrogen fluoride may contain up to 60
percent by weight water, this being the concentration
reached when the solution 1s boiled to reach 1ts azeotropic
level. Normally, the salt system will be a solid and the
aqueous solution will be a liquid when first added together.
Addition causes the salt system to dissolve fully in the
aqueous solution when heated (eg to a temperature of 80° C.

for the KF.2HF system.

In the said particular form of the invention after the water
present has been removed from the mixture of the salt
system and HF solution the components of the mixture may
be separated 1n a known way to recover dry HF. For
example, separation may be carried out by bubbling further
cgas through the liquid phase mixture and/or heating the
liquid phase mixture to drive off or extract HF as a gas. The
HF thereby separated may be distilled in a separate vessel.
The invention in this form therefore provides a highly
convenient process for the conversion of dilute HF solution
into anhydrous hydrogen fluoride (containing less than 0.5,
desirably less than 0.2 percent by volume water. Dilute
hydrogen fluoride solution 1s a relatively inexpensive mate-
rial whereas anhydrous HF 1s relatively expensive. Thus, the
invention beneficially allows a presently inexpensive start-
ing material to be converted into a presently expensive
product. No alternative economically attractive process for
such conversion has been known hitherto.

The said particular form of the invention for conversion of
a dilute solution of hydrogen fluoride into anhydrous HF
may be carried out as a batch process or alternatively as a
semi-continuous process. In the semi-continuous process the
water 1s first removed by sparging the melt comprising the
fluoride salt system and aqueous HF solution 1n a vessel with
an 1ert gas as described above. Then HF may be separated
by further sparging and/or raising the melt temperature (eg
to between 100° C. and 140° C.). When the melt is denuded
of HF further aqueous HF solution may be added to the
vessel and the process repeated.

It 1s highly surprising that drying of mixtures 1n accor-
dance with the present 1nvention can be carried out without
major complications or disadvantages. The concept of
removing water preferentially from a system with a sub-
stantial concentration of HF by forced evaporation does not
appear to be a sensible or viable process. This 1s because the
vapour pressure of HF over aqueous HF solutions at mod-
crate temperatures 1s substantial. Thus, 1t would not be
unreasonable to expect a large HF component 1n the vapour
phase during evaporation and that forced evaporation would
cause substantial losses of HF. In practice, however, experi-
mental results suggest that the partial vapour pressure of
water above a HF aqueous solution 1s much greater than that
of HF and that water as the more volatile component may be
removed preferentially from the mixture. As demonstrated
below the amount of HF lost during extraction of water 1s
surprisingly very low.

Salts comprising NH_ F or NH,.F which are solid crystals
have 1n the prior art been dried using gases such as air and
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NH;, eg as described 1n the prior art in SU 1281516 and SU
850582. However, there has been no prior use of gases for
the use of drying molten mixtures which comprise an excess
of HF and thereby a substantial vapour pressure of gaseous
HF associated with the mixture. For the reason explained
above, the fact that such process can be successtully applied
to such molten mixtures 1s highly surprising.

Embodiments of the present mvention will now be
described by way of example with reference to the accom-
panying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional side elevation of apparatus
employed to dehydrate an electrolyte mixture.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The apparatus shown 1 FIG. 1 comprises a polypropy-
lene beaker 1 containing an electrolyte mixture comprising
KF.2HF and water the surface level of the electrolyte being
indicated by numeral 3. The beaker 1s contained within a
mild steel body 5, and hated by a heating coill 7 and
maintained at a temperature of between 70° C. and 100° C,

measured by a thermocouple applied via a thermocouple
port 9 fitted through the lid 10 of the body 5.

Nitrogen 1s sparged through the electrolyte mixture in the
beaker 1 via a gas sparge pipe 11 fitted through the lid 10,
the pipe 11 having bubble holes 13 at its lower end. Nitrogen
1s applied at a rate of 6 liters per minute and the gas evolved
from above the electrolyte level 3 1s collected via an outlet
13 fitted into the id 10 and leading to a condensation until
(not shown).

Using the apparatus shown 1n FIG. 1 experiments were
carried out to demonstrate the benelits of the present inven-
tion. The drying of three mixtures of KF.2HF containing 10,
16 and 5.8 percent water by mass was carried out and the
percentage of water and HF by mass left 1n the mixture were
measured hourly. The results are given 1n Table 1 to 3 as
follows.

TABLE 1

Drying of Wet Electrolyte using a Nitrogen

Purge Initial Water Content: 10% by mass
Time Temperature % Water % HF
Hours Degrees C. by Mass by Mass
0 75 10.0 40.8
1
2
3
4 83 3.6 39.9
5 85 2.9 39.7
6 86 2.3 39.2
7 88 1.5 39.2
TABLE 2
Drying of Wet Electrolyte using a Nitrogen
Purge Initial Water Content; 16% by mass
Time Temperature % Water % HF
Hours Degreee C. by Mass by mass
1 77.0 16.0 40.8
2 73.5
3 74.6
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TABLE 2-continued

Drying of Wet Electrolyte using a Nitrogen
Purge Initial Water Content; 16% by mass

Time Temperature % Water % HF
Hours Degreee C. by Mass by mass
4 74.6
S 77.0
6 77.5
7 81.0
8 83.0
9 82.0 4.3 39.1
10 84.0 3.4 38.6
11 86.5 2.1 38.4
12 89.5 0.74 37.6
13 91.0 0.37 37.4
14 90.3 0.12 371
TABLE 3
Drying of Weight Electrolyte using a Nitrogen
Purge Initial Water Content: 5.8% by mass
Time Temperature % Watetr % HF
Hours Degrees C. by Mass by Mass
0 92.5 5.81 39.5
1 80.7 4.47 39.2
2 81.8 2.79 38.8
3 82.8 1.67 38.5
4 85.3 0.97 38.2
5 87.1 0.94 38.1
6 89.1 0.56 37.8
7 92.6 0.49 37.6
7* 93.5 0.13 37.4
8T 93.1 0.69 37.4
9T 93.8 0.53 37.2
O * 107.8 0.10 36.9
10 92.8 0.05 36.6
11 88.0 0.05 36.2
12 89.8 0.05 35.8

*Resampling after an extended period eg overnight, without gas sparging.

Water loss continues since the system 1s not sealed.
TSuspect slight water contamination of the samples.

The results of HF concentration change (loss) with time
appear to describe a linear relationship, with the rate of loss
being approximately 0.3% h™'. Water loss from the electro-
lyte with respect to tine 1s non-linear, which also appears to
be dependent upon the concentration of water 1n the elec-
trolyte at a given point 1n time.

The results from the first experiment (Table 1) show the
removal of substantial quantities of water (10% to 1.5%),
with only a small reduction in HF concentration (40.8% to
39.2%). Subsequent experiments demonstrated that the final
water content could be reduced below the 1.5% achieved m
the first experiment ie 0.12% (Table 2) and 0.05% (Table 3).
The corresponding loss of HF approximately 3%, which
accompanied the removal of water 1s relatively small.

The results of these experiments suggest that the initial
levels of water contamination can be substantial, without
affecting the efficiency of the treatment process. However,
the duration of the drying period appears to be directly
proportional to the original concentration of water, with a
constant nitrogen sparge rate, 1 the greater the initial water
content, the longer the drying time.

These experiments have shown that molten wet electro-
lyte can be subjected to a simple form of treatment which
removes water without substantial loss of HE. A molten salt
which approximates to KF.2HF 1s the final product, which 1s
of n suitable quality for electrolysis 1€ with a water content

0f<0.2%.
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In a further experiment a mixture comprising approxi-
mately 170 kg of the salt system KE.2HF and 30 kg water
was treated by sparging with nitrogen 1 a 200 liter vessel
held at approximately 85° C. After 100 hours sparging, at a
nitrogen flow rate of 60 liters per minute, the water content
of the mixture had been reduced to<0.5 percent by weight.
The final HF content of the melt was approximately 37
percent by weight.

The dried molten salt was returned to the production plant
and used as electrolyte for commercial scale fluorine
clectrolysis, without any problems.

In another experiment 1.6 kg of KE.HF was added to 1 kg
of 40% aqueous HF and the mixture so formed was heated
to a temperature of approximately 100° C. at which tem-
perature a melt was formed. The melt was treated at this
temperature by sparging with nitrogen gas. After 24 hours
the water content had been reduced to less than 0.1% by
welght. The final HF content in the melt was approximately
36.5% by weight. This experiment illustrates the highﬂy
beneficial use of the invention to convert aqueous HF ito
dry HF. The latter product may be separated in one of the
ways described above.

We claim:

1. A process for the treatment of a mixture comprising an
inorganic fluoride salt and hydrofluoric acid, wherein the
mixture has an excess of hydrofluoric acid as compared with
a stoichiometric composition according to the formula
MF_.HF where M 1s a cation same as the cation of the
inorganic fluoride salt and having a valency n, said mixture
also comprising at least 0.2 weight percent water, the
process comprising the steps of:

(a) forming a liquid phase of the mixture by melting the
salt therein at an elevated temperature of at least 70° C.;
and

(b) feeding an inert gas through the liquid phase of the
mixture to remove the water by physical forced evapo-
ration at the elevated temperature.
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2. The process as 1in claam 1 wherein said salt comprises
potassium fluoride or ammonium fluoride or a mixture of
fluorides containing one of these.

3. The process as 1n claim 1 wherein said mixture com-
prises an electrolyte system comprising KF.xHF where x 1s
in the range from 1.8 to 2.2.

4. The process as 1n claim 1 wherein the melted salt 1s
maintained at a temperature in the range from 80° C. to 100°
C.

5. The process as 1in claiam 1 wherein said inert gas 1s
selected from the group consisting of nitrogen, compressed
air and argon.

6. The process as 1 claim 1 wherein the water from the
mixture arose from degradation by atmospheric moisture
contamination.

7. The process as 1 claim 1 wheremn said mixture is
produced by adding together an aqueous solution of hydrot-
luoric acid and a dry mixed salt system of formula MF, .HF

where M represents a cation and n 1s the valency of M.
8. The process as 1 claim 7 wheremn MF, .HF 1s KF.HF.

9. The process as 1n claim 8 wherein the KFE.HF and HF
solution contains up to 40 percent by volume water.

10. The process as 1in claim 7 wherein after the water
present has been removed from the mixture of said salt
system and said hydrogen fluoride solution, components of
the mixture are then separated to recover dry HF.

11. The process as 1n claim 10 wherein said separation 1s
carried out by bubbling further gas through the liquid phase
mixture and heating the liquid phase mixture to drive off or
extract HF as a gas.

12. The process as 1n claim 10 wherein said separation 1s
carried out by bubbling further gas through the liquid phase
mixture to drive off or extract HF as a gas.

13. The process as 1n claim 10 wherein said separation 1s
carried out by heating the liquid phase mixture to drive off
or extract HEF as a gas.
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